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Abstract:  
 
We have analyzed the linkers in group-I introns, a characteristic region that is crucial to 
the folding and splicing process of the folded RNA, in seventy sequences spreading 
across r-RNA, t-RNA and organelle genes from various organisms including algae, fungi 
and protozoa. The study revealed a high degree of consensus of specific adenine residues 
in J3/4, J6/7 and J8/7 stems of the linker regions that were required to stabilize the local 
orientation, either as single residue or by forming unusual base pairs along with divalent 
metal ions. Conservation of these residues in the Group-I intron linkers suggests their 
significant contribution to the folded structure whose bonding and geometry recruit metal 
ions to interact in stabilizing the folded nature of RNA.   
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Introduction 
 
 
Group-I intron ribozymes belong to a class of unique RNA molecules that act as 
enzymes, store information and undergo autocatalytic processes (Cech 2002; Scott 2007). 
These are present in diverse organisms and are increasingly found in human pathogens 
such as Acanthameoba sp., Pnemocystisis sp., Candida sp. (Disney and Turner 2002). 
However, their absence in the human genome and the ease in assaying their activities 
make them ideal targets for design of inhibitors with potentially less side effects. Here we 
show the salient features of their evolutionarily conserved residues whose interactions 
with the metal binding domains might form putative sites for design of metal-based 
drugs. 
 
Catalytic RNAs of the group-I type share a common secondary and tertiary structure , 
and unlike other RNAs they require a divalent metal ion and an exogenous guanosine co-
factor to splice out the introns (Michel and Westhof 1990). During the catalytic activity, 
the well organized domains consisting of stems and loops (P1-P9), are brought closer 
without any helix distortion, to build up an active core in the ribozyme through sequences 
referred to as “linkers” (Golden et al. 1997). Linkers are very crucial in stabilizing the 
core region of the RNA folds through the adenosine bases (J8/7) and Mg2+ ion  and assist 
in the formation of unusual base pairs whose bonding and geometry would enable 
flexibility in the stem folding (Golden et al. 1997; Rangan and Woodson 2003; Znosko et 
al. 2004) . All these observations led us to hypothesize that if adenyl residues in the 
linkers of the group-I intron structure are very important for autocatalytic process, we 
should expect a high degree of their conservation from diverse species.  
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Materials and methods 
Gene sequences of group-I intron ribozymes were obtained from the Comparative RNA 
page (Cannone et al. 2002) and conservation of residues in linkers was quantitated. As 
many as 70 sequences of the group I intron including rRNA, tRNA and organelle genes 
from various organisms representing bacteria, fungi, chlorophyta, protozoa etc., were 
used in the analysis. We classified linkers as inter-domain types (J3/4, J6/7) and intra-
domain types (J4/5, J8/7) (Figure 1).  
 
Results and Discussion  
All the four linkers showed variable base sequences (Figure 1) but were highly conserved 
in the position of certain adenines, from diverse species.  About 99% of these conserved 
residues were observed in J3/4 and J6/7 except in the case of chlorophyta and 
ascomycota. In linkers J8/9 we found only 90% conservation in the adenine residues and 
its position. A possible explanation for this could be divergence in evolution. In J4/5, the 
adenines varied in position but were nevertheless present everywhere. Conservation of 
these adenine residues in the four linkers of group-I intron sequences in diverse species, 
from blue green algae to lower eukaryotes, demonstrated a few points 1) Reaffirmed the 
importance of adenines in these four linkers in forming the crucial quadrate structures 
(Golden et al. 1997). 2) These adenines may have been present in the primordial stage of 
catalytic RNA and that’s why they have been conserved to the present gene sequence, 
reflecting their evolutionary and functional importance. 3) During the folding of catalytic 
RNA, the quadrate structure formed by these conserved adenines, might form a possible 
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target for predominantly purine preferring drugs to compete for Mg2+ to interact and 
inhibit autocatalytic process.  
 
Some examples could include the use of metal coordination complexes e.g. Pt2+ (from 
cisplatin) in combination with natural biopolymers such as ß-poly-L-malate (PMLA) - a 
polymer of L-malate produced naturally by a slime mold Physarum polycephalum (Karl 
et al. 2004). Earlier studies by us on platinum based complexes with PMLA showed 
interesting DNA binding kinetics (Malathi et al. 1998). Further molecular studies with 
such metal complexes could reveal if linkers can form better blocking sites of self-
splicing process, thus forming potential strategies in controlling the pathogens.  
 
 
Acknowledgments 
 
KC thanks Lady Tata Memorial Trust, Mumbai for the fellowship.  
 
 
 
 
 
 
 
 
 
 
 
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
hd
l:1
01
01
/n
pr
e.
20
09
.2
90
9.
1 
: P
os
te
d 
28
 F
eb
 2
00
9
Reference 
 
 
1. Cech T.R. (2002): Ribozymes, the first 20 years. Biochem Soc Trans. 30, 1162-6. 
 
2. Scott W.G. (2007): Ribozymes. Curr Opin Struct Biol. 17, 280-6. 
 
3. Disney M.D., Turner D.H. (2002): Molecular recognition by the Candida albicans 
group I intron: tertiary interactions with an imino G.A pair facilitate binding of 
the 5' exon and lower the KM for guanosine. Biochemistry. 41, 8113-9. 
 
4. Michel F., Westhof E. (1990): Modelling of the three-dimensional architecture of 
group I catalytic introns based on comparative sequence analysis. J Mol Biol. 216, 
585-610. 
 
5. Golden B.L., Podell E.R., Gooding A.R., Cech T.R. (1997): Crystals by design: a 
strategy for crystallization of a ribozyme derived from the Tetrahymena group I 
intron. J Mol Biol. 270, 711-23. 
 
6. Rangan P., Woodson S.A. (2003): Structural requirement for Mg2+ binding in the 
group I intron core. J Mol Biol. 329, 229-38. 
 
7. Znosko B.M., Kennedy S.D., Wille P.C., Krugh T.R., Turner D.H. (2004): 
Structural features and thermodynamics of the J4/5 loop from the Candida 
albicans and Candida dubliniensis group I introns. Biochemistry. 43, 15822-37. 
 
8. Cannone J.J., Subramanian S., Schnare M.N., Collett J.R., D'Souza L.M., Du Y., 
Feng B., Lin N., Madabusi L.V., Muller K.M., Pande N., Shang Z., Yu N., Gutell 
R.R. (2002): The comparative RNA web (CRW) site: an online database of 
comparative sequence and structure information for ribosomal, intron, and other 
RNAs. BMC Bioinformatics. 3, 2. 
 
9. Karl M., Anderson R., Holler E. (2004): Injection of poly(beta-L-malate) into the 
plasmodium of Physarum polycephalum shortens the cell cycle and increases the 
growth rate. Eur J Biochem. 271, 3805-11. 
 
10. Malathi R., Natarajan G., Holler E. (1998): Helix-coil transitions in DNA by 
novel Pt(II) complexes: a pH melting study. J Biomol Struct Dyn. 15, 1173-80. 
 
 
 
 
 
 
 
 
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
hd
l:1
01
01
/n
pr
e.
20
09
.2
90
9.
1 
: P
os
te
d 
28
 F
eb
 2
00
9
Linkers
J3/J4 J6/J7 J8/J7
• AAC
• AAU
• AAG
• CCA
• UAAU
• ACA
• UCA
• CUA
• GCA
• CCA
• GUA
• UAAGAUA
• UAAGGUG
• UAAGGUA
• CAAGAUA
• AUGACA
• AUGAUA
• GAAGACA
• UAAGAGA
• AUGAGA
• GAGAUA
• AAGAUA
• AAGGGA
• AAGCA
 
 
Figure 1:  Different types of bases sequences observed for each of the linkers of group-I  
intron ribozyme from different species.  
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